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Electronic digital machine# are primarily utilixed
today fog' calculating strictly computational worktand
only in comparatively simple o&mes are they employed in
automatic *@ntrol systems# Whatever may be said &bout
self-teaching, self-adjust$,ng and seif-organising systems,
etoo belongs&a beat' a the realm of pure theory.

Neverthelesa, a considerable amount of what in
required to produce such systems already exists within
general outlines, and it is now time to undertake the
first practical steps in this directions

We surmise that it would be advisable to construct
such a system for calculating as, our fiLr,2t step. Computer
engineering is an especially ideal experimental field for
improving digital deyioss primarily due to the diversity
and comparatively thorough investIgSation or ',Vgorithmss

The need for a strictly 0omputationa*. " hnology
simultaneouslyr demands further automatiou *acuain

The fact of the matter is-that a mo4o Alculation
oenter equppod with Jost a single heavy di4, electronic
computer generally requires a staff of 50 or even 100
people to provide its continuous use for mathematical aad
teochnicao. purposes* The establishment of such centers
[as )ustified in the past when machines were scarce n~
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and it was necessary to use any means to carry out
specific alcpulation. Such a method is evidently
inadmissible in the future, however, especially because
future production of computers would divert for the
application of these macuines the very specialists who
might engage in new research and developments in digital
untgib*OXSfg.

Tbi is the reason for the urgent need of further
automation of calculation and progress in establishing
c ,p..tation centers fo.tnded on subtantially new,
,i>nciples ILt is precisely the computation center of
,n .uture -the automated computation center -- which

,, .e the first practical realization of a self-
organizin .g elf-teaching; and self-adjusting system,

Pho joszoible struture and organization of su h a
center is ei1trined.in. gneral.iout..ne below4,

It appyirs to us that an'Autbmat~.c calculation
cWte" will' Caonait" if" erdl :cot.putirs"-C a. single .
series interconnected Qy a coomutation system4  It is
not Mandatory that all of these machines be completely
identical. They may differ in operation speed', in the
number of inputs, the size of tne memory unit and
possibly even in the number of digits, Flowsheets and
diff erent parameters. .hen v', say that the machines
shoiald beiong to a single seres,, we understand' an iden-
thy o. data input methods, or the basic struciure of the
mackixie language and tne parameters of input and output
signals .

Xi is dasirable that all the equipment .in the calcula-
ti onr ce.ter be a.hp.,atIC t o som.: extept, .WL that the opera-
tions performed hy some machine or installatiqn be perform-
able oy another instalilation or maohine as well. The very
same tasks could therefore be solved at least by different
me' ine.s using divergent methodw, possibly at different
times and even with varying degrees of accuracy. But some-
bow the pos::sibility smould be provided of getting along
without a certain part of the equipment,

The foll owing problems might be solved by si.tting
p. "a autt matic center- mraximum automation of prog:ram-

ming, automatic dist 'ibution of problems among the
machines an in time, tWe or'ganization of simultaneous
work wit.iNS sverai mac,.iieA when solving especially
complex pro blems, a'omatac distribution of equipment
among t'e s ac"xne- (outside devices, operative memory
banks, eta, ) m 1axinmum automation of equipent maintenance
c* .oi and ,iuvomatic fo..ow-:np and recording of the -

woek perfored by the ealculation center,



Those, functions will maintly rest within one of
the wachinex which will become the waster computer.

We will Afirst, examine the po ssible order of infor-
Ratiorl input at the calculation center.

All problems turnedd V~z' id tile dalculation
center for processinS are first fed into the mste~' machiao.
Information about thoso problems can be recorded, for
exmpa on a magnetic tape which is then put ino, 'the

outsie sytem of the machine* The tape will noontsin
iatration about a single regular' problem, but about
an entire group of problems, or let us may, about all
the rprobleme reeived by the center at any pa-rticoalar
houtro Consequen~tly* prepared probl~.e will not be
fed in a-ccording to how free the equipment is* as i-s
now done, but rather in proportion to the inflow of

problemso
Information on each problem must consist of two

parts --~ the mastorial portion where the formulation of
the problem is tranaoribed, and the operational portion
conf aining an ordinal number t information on the priority
of the task or the importance of controlling the results,
add on whether the given problem is a one-shot operation
or repetition is anticipated in the future,. etc.

The material pa~rt of the. information on a certain
problem can be prograimaed in a general form (in letters),
Instead of this, however$ either an algorithm of the
problem's solution cap be transcribed in operational
4orw ('which is for the most part the initial information
for modern programming), or or even still shorter formula-.
tion of the problem in,.sywbols approaching the commonly
accepted wathematical isymbola.&

AUtksmmethods of transcription will probably be
timed for the real problem in its various parts#

It In assumod that automnation Of pro-grauming at
tile automatio Computation center will be resc.lized on a
substantially largor scale taan is currently being done

with routine progr~wLmingo
Workc on automatic programming being done &t the

preigent time has been encountering two large-soale dif-
* Ucultive Fi.rst, prograwaiinj has to be set up so that

a particular comiputer Achedules its own program in accor-
d4.,,,n.e with it* It would be more convenient however to

* program for any machine by means of another largSer machine
The second difficulty is aasociated with fts fact that
the distribution of machine types today does not land
aitself to automiatia programininge Theme were Oonstructed
t.-±th izanu~l proxrurring in mind,

Both difficulties may be surmounted by establishing
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the automatic computation eonter.# Provided tbe master7
computer whlich to basi~ally, used-for programming does
not differ in type from -the '.t'hermacbines present, it
0811 take in a part of the hardlaro. of the other machines

(pwratibnal memory unitss magntic tope V. tco.) or eVon
feeid thoese machines on the whole certain bits -to uake
up t~e prograw.

A brief formulation of A certain part of the
, roblisw given in oymbols can be used if algorithms of
the xolution hav6 already been worked out for this
part of' the problem.* These algorithms'in nearly comrn-
ple1te form should be introduced earlier ihto one of
the outside memory unit& of the master macbin@e where'
tbey are cQostantV, kept in operational' form (the.,stor~s*1W
of sitandard algorithms). In somie instances the hold unit
can &tore cortain algorithmic variants, e,gS..to solve
systems of algebraic equationis, systems of ordinary
diffeorential equationrj., etc,, Each variant should then
bet itccompaniod by additional information on its limits
of applicability,* on the dependencies which are as it
wero necessary for rea:lizing a number of memory nests
and operation* frorn the series of thel system of equations
or, perhaps from the relation of the coefficients, etc*

Once the intrmation is-received on a pazetioular
part of the problem in brief mathematical form,. the master
shoiild firxt seleet the appropriate algorithms from its
atorage unit an~d ealuate the amount of equipment and time
required to carry -them out* Informationz on certain possible
variaints in the aialection oC algorithms may then psrhapls
manage to be stored fox, some time in the operative memory
of~ the master maoine, In seloctirg -the algarithma later
on~ concrate information will. have to bo introdceA, such
as 0on the order of the system of equations, the n!.-iber of
Interaction cyclea, etc, The point of this w~ork ~sin
its being performed after final selection of. a single
speciLfic algorithm,

Consequently, the cae of initial information
entering &3 bri ef mathematical formulation will in the
final analyaix be reduced to its being immediately
received an a finished alorith~m. Trhe initial information
must be processed directly in this form for parts of th4
program lacking; atored algoithms, The initial informa-
tion can be transmitted i thim form if' It is supposed
that standard algorithas aroe not suitable for the given
cencrete Caae

Fina.Uyt it oaken vonza to introduce the input
information an a cwplate program (in lotters), whenever
the ktuwai opttrator preparing the problam.thinks that itJ



'will be simpler' for'hlir to s&t %P the program bf any
part of the operation with eouipt(x logic than to
explain to the machine how to do it. The machine will
eqully convert. from Qperative transcription of the
algorithms to this form of recording informations using
stored standard subprograms and scheduled programs in
the modern sense, But once a&Xin several variations
become po~sible (eg. upon selecting stan4aed subprog-
rams from storae),,

Before finally specifying the algorithms, making
I inal selection of the standard subprograms, converting
from letter coding of the program into numerical code
and feeding the finished program to the other machine
which will implement it, the master computer will still
have to perform an important part of the operation.
This consists in an overall evaluation of the complexity
of the problem for the various possible variations, in its
solution, in comparing them with the operational part of
the information on a given task and with analogical data

on different tasks as well as with information on the
condition of the equipment in the computation center
(its load, performance, etc,). This will yield the final-
data which we will discuss somewhat laters Based on these
comparisons using EL number of criteria it is decided when,
on what machines and in what condition of the equipment
the problems at hand are to be solved, as well as which
of the possible variations in the assortment of algorithms
and standard subprograms shall be adopted for each of the
problems and how the control for each operation will be
organized. Such a solution should on the one hand proride
a fair sequence of priority (considering time of recei*.Pt
and priority of the assignment) and on the other, Vhse
highest productivity of the computation center. ThS latter
implies that at th4e. outset of the solution of any probm
it is necessary to complete the programming for it, t,
free all required equipment., prepare the commutation
circuits, etd. The idle time of the particular devices
should be minimal during this period, and the algorithms
selected to solve the problems should correspond in the
best manner with the equipment personnel.

Situations may arise where the optimum algorithms
for some problem o~r other differ under various conditions.
For example, if problems come in at the same time as the
solution of a given problem on other machines where a
large-size w a m o ry is not required, algorithms can
be chosen which provide top speed while needing a large
amount of memory Units. In other cases it is possible
that there will be no point in waiting for the additional
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memory blocks to becnie free., but better to solve the
problem by a more delibernte methods

The relation between the hardware in. good working
order and that in repair exerts a substantial influence
on these decisions, it is essential to always be able
to forecast the working condition of the .equipment and
to have spares at hand. It is best not. to keep special-
ly stored hardware in reserve (which would act'&ally be
poorly used), but instead reserve variations used in the
operational sequence$ methods-of organizing the control
of calculations, etc.

Hence, the computation center will be a complex
self-adjusting system in which the selection of the
operational algorithms will be determined on the basis
of the conditions that are conducive to maximum produc-
tivity, considering-both the external factors (existent
at the time ot the operation) and the internal condition
of the system.

The criteria according to which the algorithms
are selected may be adopted earlier, but must be further
spocified during the operationo Specification primarily'
requires numerical characteristics of different algorithms
such as the time required for calculation with the given
algorithm the time the particular hardware will be in
uso, etc. Certain elements of sel -instruction are con-
tained in the introduction of a preci7e kind of specifi-
c kt ion.,

It in however possible that the self-teaching
process will succeed in being widely used. It is easy
to itnaline1 for instance, that with the transition from
operative traznscciption of algorittims to general program-
ming the master comput.r will simultaneously cdnsider
how often the particul",ar combinations of operators occur#
Portions of the program corresponding to the most fre-
quently encountered combinations can then be put into
the standard subprogram storage.

By proposing several alternates each tile for any
operator or combination of' operators which may be sub-
stituted by standard atorage subprograms, it might be
possible to analyze at the same time those situations
in which each of the 4lternat variations is at its best,
The data may be later utilized for immediate selection
of the optimum variation,

A similar self-teaching process can also be
provided during the stage where initial information is
converted from the transcription made as a brief mathe-
matical formulation to tUe operational writing of the
1algori tfivi
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Tm, self-instruction program could possib-ly be ampiLfiz
Now divisions could b# added alfter the provicua m 's~n
have boen adapted and reinforced$ i.e.6 when zh* master
machine hazsu~fftcient ti-me reseorves to undertake jx~xthen,
sel -instx otiont

It is importanvt to note that the computation center
will not only be &elf-a just,4nX and self-teaching but a
self-organizing system as well* This is duo to its
optimum algorithms ibot only varying inp relation to exter-
noa 1 aircwuistancts -and intrinsic conditioni qf the system,
btit its internal structure structure also being modified,
:La. the particular hardware belongiif& to definite
machines, the commUtation circuits aec

One should particularly dwell on how the control
* of equipment functioning,, its cleaning and repairs can be

accomplished when the automatic computation center is

In modern computation machines the basic methods
of operational control are the autonomous apparatu4
coutrorls of the individual devices (fox, instance, parity
control for memory devioes, modulo 3 or 7 control ror
arithmetic devices, *too.), and double checking tn ,Ai opera-.
tions made according to a single program although at
different timts.

At the automatic computation center a recil.Pooal
control of tho machines shoul taetplc f,
double check. This method is% in the first place9 moreo
reliable than the double cheack, aince the probabil.ity
of aingular rrors ariaing osn two difrent machines is
obvioaaly considerably lower than the probability of~
the repetition of the very same error during the comple-
tion of identical operaticr~un a zt-ngla machine,, In the
s~econd place, it is favored by the controlling machine
being able in prinoipl, to be includad in th* operation
and excluded from it at any stage in the cbmputat "ion.
If the controlling machine in on all the time$ the devria-
tion signal can be received imme~diately following the
deviation and not after receiving the final results (as
occurs with the double check)* Finallys the di.Cferent
results obtained by the daubla check merely indicates
'Vie occurrence of er'roraq without in general making it
possible to determ~ine which of the two results is the
correct arie Test runs could be made on both machines
used in rsciprocal control right aftter the divergont
results are receivod. The machine correctly solving the
test problem most probably yieldad the true reault in
the laitial operation, A third machine could be b~'rought
in as an umpire a# another alternative,
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Trest programs should be squeezed into the irntrl
vals between calculation oftebasic problems not
only when mnalfunctions5 arise* but also with circuit
checks after spcf t ntervp!Ps of time . Automa'tic
checking will be particularly'ipffective if a programmed
chang in the feed voltage i,s provided to the. indivi-
dual devices, as well &s possible automatic measurement
of the feed voltages and their rated, input to the
apAtional memory ofthe master machine through the

'..,itgeto digit converter. Together with thi:s program-
I ,riations in the cadence frequency*,. simulated out.
A411e~tert!erence, etc. are possibles Applying the

reciprocal control method makes It possible to accurate.
ly pinpoint under what conditions and in which operation~s
the particular device falls out of alignment* It is
possible that special control programming can permit the
place where &break-down arises (unit$ block, etc.,) to
be locaee~d with more or leas accuracy,

On. the baois of the checking procedures and data
on f~ailures In the operating condition the master machine
can decide on sending the particular devices out for
repair. Upon having made this decision, the master
stops loading the equipment needing repair with any,
operations, and sands ouit information through its output
abo~lt which device and why it has been put to repair.
Such. information should cortain the most ample descrip-
tion possible about the faults that were detected.

Error control in the master computer itself is
constructed on the sawo principles. When deviations are
discovered even in the most difficult combinations of'
deviations in feed voltage, the master machine should
either shift a part of its devices to others or switch
its functions over to another machine. After somes time
it way once again be used as a regular machine. But the
role of mas ter is too responsible for it.

Besides information on equipment put into repair,
th e output installation of the was-ter computer, should also
cotr~uo-,sljy supply infox-mation on the problems being

za4 latad at a~ givexi time, when the solution of other
outs~di~operations is supposed to begins and on the

condition. of the equipment atL the calculation center (e&g.
at wh-at limits in the variation of feed voltage the
oefficiencry of ihdivid".al devices is maintained, etc.).*
It i.g poa!sible In certain cases that tho 'master computer
will be required to report the methods of solution which
hava been chosen for spocific operations (algorithms,
subprogramts), bow the control has beenset up, etc.
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The establishment of an Automatic calculation
c.otter is a large and complex tA*k. Probleos both
large and small will have to b* solved anid *any

'PorAns ditfieiti-e# ovirc~one. The solution of such
a ,,reblam demands the long-toza iIntensive and pttpaso-
ftul labor of .a large Xroup of en#ineers$ pro.grmert#
thewaticians and workers in ditfeorent specieLiz&ton*#
Hoiever,* there are no obstacl.* in principle to the
,olution of this problem. Its practical and th*orotical

;nrfic~ance is unquestioned.

- END-
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